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ABSTRACT Carnitine is necessary for the transport of long-chain fatty acids across the mitochondrial
membrane. Thirteen severely injured patients on total parenteral nutrition were studied during days 2-8
post injury. Initially plasma and skeletal muscle carnitine values were within the range earlier found for
normal subjects, whereas the urinary carnitine excretion was markedly increased. On day 4 there was a
simultaneous decrease in the carnitine concentration in plasma (« <0.01) and urine (o <0.05) as well as in
skeletal muscle tissue (< 0.05 using only the values that could be paired i.e. from eight subjects), whereas
no difference was found between day 2 and 8. One explanation of this pattern might be that a
redistribution of carnitine occurs to other organs not measured, for example the liver.

In skeletal muscle tissue, statistically significant positive correlations were found between the carnitine
level and ATP (@< 0.01) and phosphocreatine (« <0.02) as well as between carnitine and glycogen

(x<0.05).

INTRODUCTION

Carnitine is essential for the oxidation of long-chain fatty
acids by mammalian tissues because it is necessary for the
entry of these substrates into the mitochondrial matrix,
where the (-oxidation takes place [1]. Other functions for
carnitine have been proposed although not yet established.
Several investigators have identified acylcarnitine deri-
vatives of oxoanalogs from branched-chain amino acids in
animal tissues [2,3], and carnitine has been shown to
increase their «-decarboxylation [4,5].

Carnitine is normally derived from the diet and from the
endogenous synthesis from lysine and methionine in liver
and kidney in human subjects [6]. Skeletal and cardiac
muscle tissue, having a high concentration, are therefore
dependent on transport via plasma. Solutions given during
total parenteral nutrition (TPN) do not contain carnitine
(7] and it has been anticipated that carnitine deficiency may
develop in patients on TPN [8,9].

Severely injured patients have an increased energy
requirement and it has been shown that they preferentially
oxidize fat {10] and fat may also be given as part of their
nutritional support. We have earlier shown that severely
injured patients, both patients with burn and with multiple
injuries, have a markedly increased urinary excretion of
carnitine during the first week after trauma [7,11]. We have
now extended our studies to include determination of
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plasma and skeletal muscle carnitine levels as well as
urinary carnitine excretion in multiply injured patients.

MATERIALS AND METHODS

Subjects and protocol

A total of 13 patients, 9 men and 4 women, weighing 50-85
kg, aged 19-71 years, were studied. All patients had a
major multiple injury with fracture of minimum two fong
bones or corresponding amount of trauma (Table 1).

Initial treatment included therapy for shock using
balanced electrolyte solutions, packed red cells and
albumin, They were also given analgetics and oxygen and
most patients were given mechanical ventilation. Necessary
surgical procedures such as homeostasis and stabilization of
fractures were carried out early and the patients were in a
stable condition in the morning the day after trauma
(day 2).

The observation period started on day 2 and lasted for the
7 days through to day 8. Sampling for analysis of carnitine
was performed on days 2, 4, and 8, but a few samples were
taken for analysis of carnitine in blood, urine and muscle on
days, 3, 5, and 7. Muscle biopsies were also taken on days
2, 4 and 8.

The patients received total parenteral nutrition, 45
kcal/kg/d (190 kJ) or about 3200 kcal (13.4 MJ) daily
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Table 1 Clinical data of the patients

Age Sex  Type of injury Weight at

(years) admission (kg)

50 M Fracture of tibia, hip, 70
humerus, patella, radius and ulna

70 M Fracture of pelvis, tibia 72
and fibuia

62 M Fracture of multiple ribs, 73
scapula, humerus and clavicle

33 M Fracture of muitipie ribs, 70
pelvis, ulna and fibula

19 M Fracture of both femurs, 64
tibia, radius and uina

69 M Fracture of femur, multiple 85
ribs and sternum

65 M Fracture of femur and tibia 72

32 F Fracture of femur, tibia and 68
clavicle

24 M Fracture of femur and cervical 70
vertebra

25 F Fracture of pelvis, femur and 50
radius

38 F Fracture of femur, tibia and 57
humerus

71 F Fracture of femur, ribs and 70
hand

30 M Fracture of femur and pelvis 64

provided as glucose, fat and amino acids solution as earlier
described in detail for the nutritional groups 1-4, i.e. four
nutritional regimes with which no statistically significant
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[11]. Electrolytes were given according to need. Trace
elements and vitamins were supplied in standard amounts.

The study was approved by the local Ethics Committee.

Biochemical analyses

Blood was collected for carnitine in the morning and daily
24-h urine collections were made. Muscle samples were
obtained by a percutaneous needle biopsy technique from
the lateral portion of the quadriceps femoris muscle as

described by Bergstrom [12]. The samples were

immediately frozen and stored in liquid N, until further
treatment. The samples were then freeze-dried, extracted
with perchloric acid and neutralized with KHCO,.
Analyses of adenosine triphosphate (ATP), adenosine
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phosphocreatine, and glycogen were performed as

described by Hultman [13].

Carnitine was assayed as by the method of Cederblad and
Lindstedt [14] modified as described Cederblad et al [7]. In
muscle tissue, carnitine was anlysed in a perchioric extract
after alkaline hydrolysis. Blood and urine samples were
extracted with a chloroform-methanol mixtu

ure and assayed
before and after alkaline hydrolysis giving free and total
carnitine values. Acylcarnitine refers to the difference
between these two values.

Staristics

The non-parametric tests, Wilcoxon’s paired and unpaired
P p p

two sample and Spearman’s rank, were used for

comparison and correlation calculations, respectively [15].

RESULTS

Total carnitine levels in plasma were normal on day 2,

comnarad tg tha rafarence rance 23072 smol/l aarlier
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ound [14]. In most patients, the concentrations fell on day
4 and returned to the initial levels on day 8. The decrease
on day 4 was statistically significant (Table 2). Free and
acylcamitine also decreased signiﬁcantly from day 2 to day
4 but no differences were found between udy 2 and 8.
When expressed as an acyl/free carnitine ratio or as
percentage free carnitine of total carnitine, no statistically
significant change was found between the three observation
days. A corresponding pattern was found for the urinary
excretion of ail carnitine derivatives with the lowest
excretion on day 4 (Figure 1). There was no significant
difference on day 2 when compared with 8 in any of the
carnitine derivatives whereas the low values on day 4 were

Table 2 Plasma carnitine and its derivatives after multiple trauma

Total Free Acyl Acyl/free Free
umol/] pumol/l umol/l ratio (as % of total)
Day 2 4 8 2 4 8 2 4 8 2 4 8 2 4 8
mean 51.4 37.8 48.8 475 351 44.1 40 23 48 0.09 0.07 0.11 92 94 90
SEM 45 4.8 1.7 43 4.6 19 05 04 1.1 0.01 0.01 0.03 1.0 08 22
n 9 8 9 9 8 9 9 8 9 9 8 9 9 8 9
a*
Day 2 vs 4 (8) 0.01 0.025 <0.025 ns ns
Day 2 vs 8 (9) ns ns ns ns ns
Day 4 vs (8) <0.02 <0.05 0.1> 0> 0.05 ns ns

*Significance level (one-tailed) of

Wilcoxon paired two sample test.

Number of pairs within brackets.
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significantly different from those on day 2 (¢ < 0.05) and
on day 8 (@ < 0.05). A statistically significant negative
correlation was found between the ratio of acyl-
carnitine/free carnitine and the total amount of carnitine
excreted in urine (Fig. 2).

Carnitine levels in skeletal muscle were within the range
previously found, 6.5-24.1 gmol/g dry weight, median
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Urinary excretion of carnitine and its derivatives during days 2-8 post injury.

value 17.9 umol/g dry weight [16]. The lowest value
observed (9.7 umol/g dry weight) was found in a woman in
the 30th week of pregnancy. Using all values in a non-
paired non-parametric test, no differences were found
between the different days of observation. However, when
calculations were performed using only the values that
could be paired, i.e. from the same individual, the values on
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Fig. 2 Relationship between total urinary carnitine and the acylcarnitine/free carnitine ratio. The Spearman’s rank coefficient

was ~0.6762, o < 0.001, n=90.
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the days 4 and 30 but not 8 were significantly lower than
the initial values on day 2 (Table 3). Thus, during the
period of total parenteral nutrition the same pattern was
again found with a dip on day 4. In spite of the fact that the
patients have been fed orally, the carnitine concentration in
skeletal muscle tissue on day 30-36 was still significantly
lower than that measured initially but the magnitude of
decrease was small. No relationship was found between the
plasma carnitine and muscle tissue carnitine levels.

Table 3 Total acid soluble carnitine concentration in skeletal
muscle tissue after multiple trauma

Carnitine, ymol/g dry weight

Day

2 4 8 30-36
mean* 16.4 14.9 15.6 15.4
SEM 1.18 1.25 1.10 2.08
n 12 9 10 10
> *k
Day 2 vs <0.05(8) ns(10) 0.05(7)
Day 4 vs 0.0781(6)

borderline significance

* Mean of all values observed.
** Significance level (one-tailed) of Wilcoxon paired two sample
test. Number of pairs within brackets.

In skeletal muscle tissue, statistically significant positive
correlations were found between the carnitine level and the
energy-rich phosphates, ATP and phosphocreatine as well
as between carnitine and glycogen. All values obtained
were used in the calculations and Spearman’s correlation
coefficient was between carnitine and ATP 0.4310, o <
0.01, n=139, phosphocreatine 0.3996, o < 0.002, n=40,
and glycogen 0.3144, o < 0.005, n=36, respectively. The
mean values are given in Table 4.

Table 4 ATP, phosphocreatine and glycogen in skeletal
muscle tissue

Component, mean
per g dry weight + SD
ATP (umol) 21.0x3.8
Phosphocreatine (umol) 64.3+8.7
Glycogen (umol glucosy! units) 339+£137

n is between 36 — 40

DISCUSSION

We have earlier reported markedly increased excretion of
carnitine during the first week after severe trauma [7,11].
After major thermal injury, regarded as the most severe
injury, the mean carnitine excretion initially exceeed the
mean value sixfold of normal men on a free diet (420

pmol/24 h), and was still twice that value on day 9 post
burn. In severely multiply injured patients on total
parenteral nutrition, we earlier observed a mean daily
excretion of carnitine of 1,087 umoles (the corresponding
figure in the present study was 1,495 umoles) during the
first 7 days [11]. Normal subjects excreted 100 pmol/24 h
when on a low carnitine diet [17], so these patients showed
4 daily loss of carnitine about 10 times higher than normal.
This carnitine excretion also markedly exceeded the
magnitude of the sex difference seen in healthy men and
women on a free diet (420 pumol/24 h + 57 (SEM) vs 266 +
29 (SEM). In agreement with our findings in the present
study, Harris er al., have also observed a slight decrease in
the plasma carnitine level during the first 10 days after
burn injury {18].

The new observation is the simultaneous decrease of
carnitine levels on day 4 in both plasma and urine as well as
in skeletal muscle tissue. The question arises as to where
the carnitine has gone. An approximate calculation of the
amount of carnitine lost can be made. The decrease
observed in skeletal muscle tissue between day 2 and 4 was
1.5 umol/g dry weight using all values or 2.1 using only the
eight patients from which we had biopsies from the two
days. Taking the first value and assuming a dry weight
content of 22% and a skeletal muscles mass of 30 kg, gives a
total amount of carnitine about 10 mmoles. The decrease in
plasma carnitine was 13.6 umol/l, assuming the same
concentration in the extracellular water (40% of an
assumed body weight of 70 kg) contributes only 0.4
mmoles. Of this amount 2.4 mmoles was recovered in
urine, i.e. the sum of the carnitine excretion on day 2 and 3
and approximately 8 mmoles are left to be explained.

There are several possible explanations to account for the
missing carnitine. Firstly, carnitine might have been
metabolized to 3-methylcholine. However, in experiments
where labelled L-carnitine was given to rats no metabolite
could be detected on chromatography of urine and other
tissues [19,20] and there are doubts as to whether carnitine
decarboxylation occurs in mammalian systems [21].
Secondly, carnitine might be redistributed to other organs
of which the liver must be the most quantitatively
important. An increase of the liver carnitine was first
observed by McGarry er al. [22] during experimental
induction of ketogenesis by fasting and alloxan diabetes in
rats and a striking correlation was noted between the ketone
body production and the carnitine level. The total carnitine
content in the livers of fasting and alloxan diabetic rats
were increased approximately three- and fivefold,
respectively, compared to nonketotic (fed) rats. In sheep
liver a sevenfold increase following alloxan treatment has
been observed [23]. Brass et Hoppel [24] observed a twofold
increase in carnitine liver concentration in the fasting rat.
However, when liver total carnitine was expressed per mg
DNA no change occurred except at 96 h indicating that the
change in carnitine concentration resulted from loss of liver



constituents such as glycogen. In the fasting rat total
carnitine in skeletal muscle increased steadily thoughout
the fast. In human, Rudman er al. [17] reported carnitine
concentrations of 2.9 pmol/g wet tissue in postmortem
livers from normal subjects, which gives a total liver
content of 4.4 mmol assuming a liver weight of 1.5 kg. This
would imply that the liver content of carnitine would have
to be increased about threefold to account for the 8 mmoles
earlier calculated. However, there exists pronounced
species differences in carnitine concentrations and
biosynthesis in different tissues and observations in
experimental animals are not necessarily applicable to
human carnitine metabolism. Furthermore, it must be
stressed that the calculations made of the amount of
carnitine involved are only approximate. However, the
simultaneous decrease in plasma, urine and skeletal muscle
tissue offers some evidence for a redistribution of carnitine
and the amount involved is of the same order of magnitude
as the liver carnitine increase seen in experimental animals
in a ketotic state. It is well known that the carnitine
concentration varies greatly in the same tissue from
different species and also in different tissues of a given
species. Long er al. [25] have recently shown that for any
given tissue the carnitine content seems to be set at a level
necessary for optimal rates of fatty acid oxidation in the rat
and that the rat liver responded to a wide range of carnitine
concentrations by varying rates of fatty acid oxidation.
The negative relationship found between the acyl-
carnitine/free carnitine ratio and total carnitine excretion in
urine has also been observed in burned patients and normal

REFERENCES

[1] Frenkel R A, McGarry ] D 1970 Carnitine biosynthesis,
metabolism and functions. Academic Press, New York.

{2] Solberg H E, Bremer J 1970 Formation of branched chain
acylcarnitines in mitochondria. Biochimica et Biophysica
Acta 22: 372-380

[3] Bieber L L, Choi Y R 1977 Isolation and identification of
aliphatic short-chain acylcarnitines from beef heart:
Possible role for carnitine in branched-chain amino acid
metabolism. Proceedings of the National Academy of
Sciences 74: 2795-2798

{4] Paul H D, Adibi S A 1978 Effect of carnitine on branched
chain amino acid oxidation by liver and skeletal muscle.
American Journal of Physiology 234: E494-E498

[5] May M E, Aftring R P, Buse M G 1980 Mechanism of
the stimulation of branched chain oxoacid oxidation in liver
by carnitine. Journal of Biological Chemistry 255:
8394-8397

[6] Englard S 1979 Hydroxylation of y-butyrobetaine to
carnitine in human and monkey tissues. FEBS Letters
102: 297-300

[7] Cederblad G, Larsson J, Nordstrém H, Schildt B 1981
Urinary excretion of carnitine in burned patients. Burns 8:
102-109

CLINICAL NUTRITION 147
subjects [7]. One interpretation might be that during
enhanced fatty acid oxidation more acylcarnitine is formed
and due to its higher renal clearance it is excreted into urine
and at the same time free carnitine is taken up into the
tissues, conceivably the liver and is not excreted to the same
extend.

It is notable that statistically significant positive
correlations were found between the carnitine level and the
energy-rich phosphates. A positive correlation between
carnitine and glycogen levels have been found earlier
[26,27]. In these latter studies, carnitine was also found to
correlate to enzymes of importance for long chain fatty acid
oxidation and to variables of physical performance, i.e. to
heart rate and to running time. These findings might be
taken as indirect evidence of the necessity to maintain
adequate tissue concentrations of carnitine, which may be
important in several cellular processes and in which the
role of carnitine is less documented. Further studies are
needed to evaluate the risk for a relative carnitine
deficiency in severely injured patients and its functional
consequences and also to evaluate the suggested beneficial
effects of carnitine supplementation.

ACKNOWLEDGEMENTS

Supported in part by grants from the Swedish Medical Research
Council No. B82-17X—04986-06A, Tore Nilsons Fond,
Ostergdtlands Lins Landsting and KabiVitrum AB, Swedish
Nutrition Foundation, Sweden.

The expert technical assistance of Anita Pettersson, Marianne
Treff and Eva Anderson is greatly appreciated.

[8] Tao R C, Yoshimura N N 1980 Carnitine metabolism and
its application in parenteral nutrition. Journal of Parenteral
and Enteral Nutrition 4: 469-486
[9] Tanphaichitr V, Lerdvuthisopon N 1981 Urinary carnitine

excretion in surgical patients on total parenteral nutrition.
Journal of Parenteral and Enteral Nutrition 5: 505-509

{10] Askanazi ], Carpentier Y A, Elwyn D H, Nordenstrom J,
Jeevanandam M, Rosenbaum S H, Gump F E, Kinney ]
M 1980 Influence of total parenteral nutrition of fuel
utilization in injury and sepsis. Annals of Surgery 191:
40-46

[11] Cederblad G, Schildt B, Larsson ], Liljedahl S-O 1983
Urinary excretion of carnitine in multiply injured patients
on different regimens of total parenteral nutrition.
Metabolism 32: 383-389

[12] Bergstrdm J 1962 Muscle electrolytes in man. Scandinavian
Journal of Clinical and Laboratory Investigations 14: Suppl
68

[13]) Hultman E 1967 Studies on muscle metabolism of
glycogen and active phosphate in man with special
reference to exercise and diet. Scandinavian Journal of
Clinical and Laboratory Investigations 94: Suppl 19

[14] Cederblad G, Lindstedt S 1972 A method for the
determination of carnitine in the picomole range. Clinical
Chimica Acta 37: 235-243



148 MUSCLE AND PLASMA CARNITINE LEVELS

[15] Siegel S 1956 Nonparametric statistics. Tokyo, McGraw-
Hill, Kogakusha

[16] Cederblad G, Lindstedt S, Lundholm K 1974

Concentration of carnitine in human muscle tissue. Clinical
Chimica Acta 53: 311-321

[17] Rudman D, Sewell G W, Ansley ] D 1977 Deficiency of
carnitine in cachetic cirrhotic patients. Journal of Clinical
Investigation 60: 716-723

[18] Harris R L, Frenkel R A, Cottam G L, Baxter C R 1982

Lipid mobilization and metabolism after thermal trauma.
Journal of Trauma 22: 194-198

[19] Brooks D E, Mclntosh J E A 1975 Turnover of carnitine
by rat tissues. Biochemistry Journal 148: 439-445

[20] Cederblad G, Lindstedt S 1976 Metabolism of labelled
carnitine in the rat. Archives of Biochemistry and
Biophysics 175: 173-180

[21] Broquist H P 1980 Carnitine biosynthesis in Neurospora
crassa. In: Frenkel R A, McGarry J D, (eds) Carnitine
biosynthesis, metabolism and functions. Academic Press,
New York, p 7-17

Submission date 23 Sept. 83. Accepted date 1 Dec. 83

[22] McGarry ] D, Robles-Valdes C, Foster D W 1975 Role of
carnitine in hepatic ketogenesis. Proceedings of the
National Academy Sciences 72: 4385-4388

{23] Snoswell A M, Kondakjian P P 1972 Relationships
between carnitine and coenzyme A esters in tissues of
normal and alloxan-diabetic sheep. Biochemistry Journal
127: 133-141

[24] Brass E P, Hoppel C L 1978. Carnitine metabolism in the
fasting rat. Journal of Biological Chemistry 253:
2688-2693

[25] Long C S, Haller R G, Foster D W, McGarry ] D 1982
Kinetics of carnitine dependent fatty acid oxidation:
Implications for human carnitine deficiency. Neurology 32:
663-666

[26] Cederblad G, Bylund A-C, Holm J, Scherstén T 1976
Carnitine concentratrion in relation to enzyme activities
and substrate utilization in human skeletal muscle.
Scandinavian Journal of Clinical and Laboratory
Investigation 36: 547-552

[27] Bylund A-C, Bjurd T, Cederblad G, Holm J, Lundholm
K, Sjostrém M, Angquist K A, Scherstén T 1977 Skeletal
muscle metabolism in relation to morphology and running
ability. European Journal of Applied Physiology 36:
151-169



